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ABSTRACT
The purge-and-trap gas chromatographic/mass spectrometric methods used 
by government agencies and their contracting laboratories for the analysis of 
volatile organic compounds in soils require the addition of both surrogate and 
internal standards to the sample matrix just prior to purging the sample with an 
inert gas. Addition of the standards at this point in the analysis provides no 
information regarding the effect that the sample matrix has on the target 
compounds, with a resultant artificially low calculated value for the target 
compounds.
Addition of surrogate standards to the sample matrix at the same time as 
the target compounds reveals patterns of response indicating which surrogates 
should be associated with which target compounds. Response ratios generated 
from these target/surrogate pairs are then applied to subsequent sample analyses 
within the same soil type, providing recoveries of 90-105% with low relative 
standard deviations.
Samples spiked with target compounds then spiked with surrogate 
compounds three days later, provided the same accuracy and precision when 
analyzed at holding times of zero, two, and three days after the surrogate spike.
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CHAPTER 1
BACKGROUND
The analysis of volatile organic compounds (VOCs) by purge and trap/gas 
chromatography/mass spectrometry (PT/GC/M S) can trace its beginnings back to 
the development of the method by Bellar and Lichtenberg (1) in 1974. The next 
significant development was the characterization of the method for compound 
recovery (reported as a method efficiency rating) by Budde and Eichelberger (2) 
in 1981. Since then, the Environmental Protection Agency and other federal and 
state regulatory agencies have adopted the method in various forms and for 
various sets of volatile compounds for a broad spectrum of environmental 
matrices (3-5). Since the method’s adaptation as the method of choice for the 
analysis of VOCs, much research has been performed to enhance the scientific 
community’s knowledge of factors affecting the efficiency of the method in an 
effort to provide data of high quality. Most of the research efforts have been 
centered about one basic area of interest, that of the interaction between the 
contaminant VOC and the environmental matrix in which it is found. This effort 
has led to studies identifying specific parameters such as the Henry’s Law constant 
(6-9), the relationship between VOC adsorption and the soil organic matter
1
2composition (10-12), the effect of the total surface area (13) and structure of a 
soil (14) on VOC sorption, as well as other physiochemical properties of the VOC 
themselves (15). Other studies have focused on the kinetics and the mechanisms 
of adsorption and desorption of VOCs from various matrices (16-28). While these 
studies were primarily focused on laboratoiy controlled conditions, the 
relationship between the behavior of VOCs in the lab and their behavior in real 
environments could only be inferred. Laboratory analyses of field samples for the 
presence of VOCs indicated that enormous losses were occurring in the time 
between sample aquisition and sample analysis (29). Some studies tried to fill this 
information gap by attempting to demonstrate that a large portion of the VOC 
losses occurring between sampling and analysis for both water and soil matrices 
was in fact due to inadequate sample handling and storage (including storage 
container) practices (30-32). In response to this consideration, other methods of 
analysis have been proposed in an attempt to more accurately quantify VOC 
concentrations in various environmental matrices, including headspace analysis 
(both dynamic and static), cryotrapping of VOCs from the sample, and methanol 
extraction of the sample followed by direct injection of a portion of the methanol 
extract, to name a few (33-39). In fact, the state of the purge and trap/gas 
chromatographic/mass spectrometric analysis for VOCs in various environmental 
matrices has changed little since its inception as the method of choice by the EPA 
in 1980. In a symposium held in January, 1993, organized to address the state of 
the scientific community’s knowledge of the sampling and analysis of volatile
organics in various matrices, a concensus emerged indicating that the knowledge 
of volatile organic compounds in various matrices was limited and the methods of 
analysis seriously flawed and ready for significant change (39).
CHAPTER 2
DEFINING THE PROBLEM
Since the introduction of the purge and trap/gas chromatographic/mass 
spectrometric (PT/GC/M S) method of analysis for volatile organic compounds 
(VOCs), the most significant challenge has been the correlation between what is 
found in the laboratoiy analysis compared to what is actually present at the 
sampling site. The fact that large losses of VOCs occur between the sampling and 
analytical portions of the overall process of site characterization has been well 
established (38,41,42). While some of the modifications to the PT/GC/M S 
method mentioned above have attempted to address this problem, the viewpoint 
taken was that of overcoming the effect of the matrix on the VOC instead of 
trying to account for its effect. While some of these modifications have shown 
improvements in recoveries of VOCs when compared to the current PT/GC/M S 
methods, the modification itself has required significant deviations from the 
current method. The use of methanol (itself a hazardous material), the 
introduction of materials and conditions required for cryogenic focusing, and 
special apparatus for sample heating and headspace vapor introduction into the
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5GC/MS are but a few of the more significant modifications to the current 
methods. While demonstrated to show improvements in bench scale and limited 
field studies, these modifications will require significant changes to the way VOCs 
are currently being analyzed. Laboratories across the nation have invested 
millions of dollars in instrumentation designed to analyzes samples for VOCs 
according to EPA or similar methods, and the introduction of significant changes 
will result in additional costs, delayed site characterization during the changeover 
and retraining period, the generation of additional hazardous waste (in some 
cases) as well as time lost while quality assurance/quality control criteria are 
redefined due to the adaptation of new methodology.
Sample matrix variations have a pronounced effect on the fate of VOCs. 
Water samples, for example, lose significant amounts of VOCs when exposed to 
the atmosphere, the amount actually lost depending on such properties as the 
solubility of the VOC, the polarity of the VOC and the matrix, and the Henry’s 
Law constant for a given compound. Soil samples on the other hand, include 
adsorption sites, soil voids and micropores that are capable of retarding the 
release of the adsorbed or entrapped VOCs using the current purging techniques. 
Furthermore, release of VOCs from various soil matrices have been shown to be 
a slow process (19,20,25,26,28), a problem which would require either rigorous 
extraction methods or protracted extraction periods to overcome.
Whichever method is chosen to overcome the effects of the matrix on VOC 
release, the net effect is to overcome the matrix effect completely, not to try to
6understand it. Totally eliminating the matrix effect would require that the 
surrogate standards be used as monitors of the extraction process and not monitor 
the effect of the matrix on similarly behaving target compounds. Additionally, 
eliminating consideration of the matrix effects in a sample denies important 
information useful to those responsible for remediation of hazardous waste sites, 
where knowledge of the matrix encountered is very important in choosing an 
appropriate remediation technique. While a myriad of information has been 
gathered relating the behavior of a specific VOC to a specific matrix type, the 
relationship has been derived using known amounts of materials that normally 
would not be known. That is, it is much easier to spike a known amount of a 
target compound to a sample in the laboratory and to then determine the amount 
recovered by either direct analysis or by difference relative to the amount of 
target compound present in the headspace, for example. But in real 
environmental samples, the true amount of a target compound is not known. It is 
therefore necessary to assume that the value obtained through analysis necessarily 
follows the same rules of VOC/sample matrix behavior as that observed in 
laboratory studies. As indicated above (39), nobody can say for sure whether this 
is indeed the case. There is a great need, therefore, to define a method capable 
of generating accurate data while also taking into account sample matrix effects. 
The method must also have the undeniably difficult capability of taking into 
consideration all of the numerical parameters and behavioral mechanisms 
associated with target VOC/soil matrix interactions determined by countless
7independently conducted research efforts. But before a process capable of 
accomplishing this is presented, it is first necessary to understand why the current 
method provides virtually no information regarding the effect of a matrix on 
target VOCs, and artificially low values for the target compounds monitored by 
these methods. This, in turn will lay the foundation for the practicality of the 
proposed method.
The basic problem associated with generating information on the effects of 
a given soil sample matrix is attributable to the application of the method of 
analysis itself. To truly provide matrix information for a soil sample, it should be 
intuitively clear that the VOCs being examined be allowed to establish some sort 
of equilibrium with the soil matrix. The addition of target or surrogate VOCs to 
a sample matrix followed by immediate extraction (by any method of extraction) 
cannot possibly provide any significant matrix information, since it is well 
understood that the attainment of equilibrium as well as the desorption of the 
VOCs is not instantaneous (14,16,19-28). But this is exactly what the current 
methods of analysis for VOCs in soils call for. Furthermore, it is currently 
presumed and has been in the past that the addition of surrogate standards to the 
sample soil matrix followed by immediate extraction can provide information on 
the effect on the matrix on target VOCs through association of a target compound 
to a specific surrogate standard. This association is loosely based upon similarities 
in laboratory measured parameters for target compounds and surrogates. While 
this concept appears on the surface to be a practical application of the vast
8amounts of laboratory research numbers generated for VOCs in various matrices, 
it is never challenged by appropriate application of the surrogate standards. In 
fact, there is so little assurance that the current method of analysis can provide 
any information regarding the effect of a sample matrix on surrogate standard 
recoveries, that no information is offered as to how to treat the target compound 
data in the event of large surrogate standard losses (39). Actually, if the 
surrogate standard recoveries are below a minimally acceptable amount, the 
laboratory must investigate its procedures and instrumentation for malfunction, 
and reperform the analysis. The presumption is that after the second analysis, 
assuming that the lab did not find any significant errors in its review of the first 
analysis, if the surrogate standard recoveries are still low, the reason could be due 
to a matrix effect and the data associated with those analyses should be flagged.
It is then up to the expertise of the data reviewer to determine whether the data 
should be adjusted to account for this apparent matrix effect (never been done) or 
to accept or discard the data as reported without adjustment. As just mentioned, 
the surrogate standard recoveries from soil samples are confined to specified 
recovery windows (3,4,5,40), a requirement which restricts their use as monitors of 
a sample’s matrix effects. The idea that a standard used to monitor the matrix 
effect of a soil sample must fall within certain recovery windows requires either a 
thorough pre-existing knowledge of the degree of a sample’s matrix effect on 
target VOCs or pure arbitration. Since there is ample evidence to suggest that 
the former is indeed not the case (40), the latter must be at least partially correct.
9If either possibility were the case, however, the current use of surrogate standards 
in the specified purge and trap/gas chromatographic/mass spectrometric methods 
of analysis for VOCs in soils provide no additional insight into the sample matrix. 
This is because the average time in which spiked surrogate standards are in 
contact with the soil matrix before purging the sample is approximately 5-10 
seconds. Not only are they in the sample for this short time period, they are 
introduced in a water matrix, most of which never comes in contact with the soil 
sample prior to or during the initial moments of purging.
The internal standards used for these methods are also introduced to the 
sample matrix at the same time as the surrogate standards. The internal 
standards are supposed to monitor the overall system for significant deficiencies 
(3,4,5). This poses a serious dilemma. The method requires the simultaneous 
introduction to the sample matrix two sets of standards, one to measure the effect 
of the sample matrix (surrogate standards) and one to monitor the overall 
efficiency of the analytical system (internal standards). Both sets of standards 
have different recovery windows, but why this is the case is never explained. 
Despite this minor problem, a serious problem arises when one tries to apply the 
information provided by both sets of standards simultaneously. For example, 
suppose that the recoveries of both the internal and surrogate standards are below 
acceptable minimal limits. Either the system is not functioning properly (internal 
standards) or the matrix is having a large retarding effect on the release of the 
standards (surrogate standards). Since both sets of standards are subjected to the
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same instrumental conditions and matrix effects, attempts at differentiation as to 
the cause of the reduced recoveries amounts to guesswork, which is why the final 
assessment is left up to the discretion of the data validator (40). The problem 
here is that the data validator has neither access to the instrument being used for 
analysis nor information regarding the condition of the sample being analyzed.
The validator is looking blindly at data generated blindly. A significantly strong 
case can be made for physical separation of the two sets of standards if they are 
to truly report on the efficiencies of different portions of the overall analytical 
process.
In summary, the problems with the current methods of analysis for VOCs 
in soil matrices are focused around the concepts of surrogate standard use and 
understanding the matrix effect. It would also be desirable to modify the current 
methods to provide the greatest accuracy and precision in sample analysis while 
minimizing physical modifications in an effort to preserve the current level of 
sample analytical capacity, especially within the arena of hazardous waste 
assessments and remediation efforts. Finally, minimization of the need for new 
equipment and/or hazardous materials to attain these improvements is a priority.
CHAPTER 3
PROPOSED SOLUTION
The problems previously cited need not be addressed individually, but 
rather can be resolved by using a modification to the current method that would 
take into account all of these problems simultaneously. This can be accomplished 
by a process which will also resolve the dilemma of assigning target compounds to 
surrogate compounds based upon each compound’s behavior in soil matrices. 
Instead of looking to laboratory determined specific parameters (i.e., solubility, 
Henry’s Law constant) for guidance, the similarities noted in the responses of both 
the target and surrogate compounds to a given soil matrix can provide the 
information sought. This can be accomplished by spiking real soil samples of 
varying particle size and total organic carbon composition with both target and 
surrogate compounds, followed by an equilibration period and then subsequent 
purge and trap/gas chromatographic/mass spectrographic analysis as specified in 
the current method. The responses of the target and surrogate compounds can 
then be plotted and compared to determine which target/surrogate compound 
pairs show similarities in response. This approach will provide necessary
11
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information for two purposes. First, response pattern similarities will identify 
those target compounds which can be compared to a given surrogate based upon 
their behavior in soils. Second, surrogate compounds will be able to monitor 
losses of associated target compounds throughout the sample handling, 
preparation, and extraction phases of soil analysis. These two new approaches 
require a more detailed analysis.
Response pattern similarities will be observed from a graph of the response 
of a target or surrogate compound’s quantitation ion on the vertical axis versus 
the sequential sample run number on the horizontal axis. Similarities in response 
between target and surrogate compounds need not be of similar magnitude, but 
must possess similarities in the graphical representation of their responses over a 
series of analyses for a given soil type. Magnitude is not important since a 
response ratio will be generated using the ratio of the responses of the target and 
surrogate compound from the first set of soil samples run. This response ratio 
will then be applied to subsequent samples run using the same soil type. If 
response pattern analysis is an appropriate method to use to quantify target 
compounds, then response ratio use will provide both accuracy and precision in 
target compound quantitation. Also, identification of target/surrogate pairs 
showing similar response patterns using soils of differing physical and chemical 
characteristics will take into account all of the problems arising from trying to 
identify target/surrogate pairs through similarities in individual physical 
parameters. Since the mechanisms of VOC chemical adsorption, desorption,
13
solubility, partitioning, etc. should all be considered when attempting to accurately 
identify target and surrogate compounds capable of exhibiting similar behavior 
based upon physical parameters alone, it stands to reason that an appropriate 
approach would be to observe the effects of a soil matrix on VOCs and then to 
monitor which compounds show similarities in response. Thus, all of the 
individual physical parameters will be accounted for in a summary fashion.
As noted previously, losses of VOCs from the time of sample aquisition to 
the time of analysis can be enormous. Recent advances in sample 
containerization and sample preservation as well as more rigorous extraction 
techniques have helped increase the amounts of VOCs found in soil samples when 
compared to the current methods(32,43-45). However, each of these procedural 
alterations will require either significant physical changes to laboratory 
instrumentation or use of hazardous materials in the field. Even with these 
modifications, what is being extracted and identified in soils will never carry with 
it a high degree of confidence, since nothing will be in place to monitor the 
potential effects of the sample matrix. To resolve this problem, addition of the 
target and surrogate compounds to the sample matrix at the same time will 
provide a monitor of the effects of the matrix. In the laboratory where the 
amounts of the target and surrogate compounds added to the soil samples are 
known, the opportunity exists to identify target/surrogate pairs based upon 
response pattern similarity. In real samples taken from the field however, the 
target compound concentration is not known. Addition of surrogate standards of
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known concentration to samples in the field can quantitate losses of the target 
compounds from sample processing and analytical deficiencies, resulting in the 
reporting of target compound concentrations representative of field levels and not 
laboratory levels. This approach will also be of significant use in research 
designed to identify specific points of VOC loss as each step in the sample 
aquisition, preparation and analytical process can be compartmentalized and 
investigated separately. Samples spiked with surrogates can be analyzed at 
different points along this process to identify target VOC losses associated with 
each step. This knowledge can identify areas of the process which will require 
further work in attempts to minimize or eliminate VOC losses. But most 
importantly, information pertaining to the effect of a given soil matrix on VOC 
recoveries can be accounted for, a consideration currently only speculated.
To provide this information, the goal must be reached first through an 
understanding of the purge and trap/gas chromatographic/mass spectrometric 
process as it currently exists. The research performed by Budde and Eichelberger 
(2) looked at the efficiency of the analytical system by reporting the ratio of the 
recoveries of specified VOCs from the purge and trap process relative to direct 
injection. The ratios of all of the VOCs tested were averaged together to produce 
a grand average. One conclusion of the research was the requirement that the 
grand average be at least 70% for the system to be acceptable. The reason why 
was never stated. However, this is the currently accepted criterion. What the 
grand average does for the understanding of the overall operation of the
analytical system is insignificant in comparison to the information provided by the 
ratio of the individual compounds. What information is provided is related to the 
effectiveness of the purge and trap portion of the analytical system to transfer the 
VOCs in a given sample to the gas chromatograph/mass spectrometer. This 
information is crucial in the reporting of target compound concentrations in a 
given sample, information which is lost when providing a grand average. Since 
the quantitation of a given target compound is directly proportional to the amount 
of that compound transferred from the purge and trap portion of the system to 
the identification and quantitation portion of the system, inefficiencies resulting in 
reduced transfer of the VOCs result in diminished recoveries. For the study cited, 
analyses were run in a laboratory prepared water matrix, which provides esentially 
no matrix effect. Nevertheless, resulting VOC recoveries were less than optimal. 
No similar study has been performed in soils to test the efficiency of the system 
on a matrix possessing matrix effects.
This research begins with the determination of the efficiency of the purge 
and trap system for both a laboratory prepared water matrix and a soil matrix.
The grand efficiencies will be compared to determine whether or not introduction 
of the VOCs in accordance with spiking activities described in the current 
methods will be affected by different matrices. As noted before, surrogate 
standards spiked into a sample followed by immediate purging of the sample does 
not offer sufficient contact time with the sample matrix. The result of this is the 
artificially high recovery of the surrogate and the assumption that the method has
16
efficiently extracted an artificially high proportion of the target compounds from 
the sample. It is anticipated that the efficiencies of the two matrices will be 
similar given these circumstances, resulting in the conclusion that addition of 
surrogates in this manner to soil samples will provide low recoveries of target 
VOCs from soils.
As noted earlier, separation of the two sets of standards (surrogate and 
internal) is necessary to provide information regarding deficiencies in separate 
stages of the overall analytical process. The solution to this problem is to allow 
the surrogate standards to monitor the behavior of their target VOC counterparts 
from the point of sampling through the extraction (purge and trap) process. The 
internal standards can then be used to monitor the separation and identification 
(gas chromatograph/mass spectrometer) portion of the overall process. If losses 
occur in the purge and trap process (which will be shown in the efficiency portion 
of this research), then it is not necessary for two sets of standards to identify 
them. Introduction of the internal standards to the head of the gas 
chromatographic column will allow them to monitor the efficiency of the 
separation and identification portions of the overall process. Consequently, large 
losses in surrogate standards, indicating a significant matrix effect, can be 
corroborated by a simultaneous acceptable recovery of the internal standards.
For this research, the internal standards will be injected into the gas 
chromatograph injection port as the target and surrogate VOCs are being 
desorbed from the purge and trap device.
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As a final phase of this research, target and surrogate standards will be 
spiked onto preweighed soil samples and held for three days in the dark at 4° C. 
They will then be transferred to a sparging tube and attached to the purge and 
trap device. This transfer is to demonstrate that losses of target the VOCs from 
the headspace above the soil sample in the storage bottle can be monitored by the 
accompanying surrogate standards. It is also intended to adhere as closely as 
possible to the sample preparation portions of the current methods, which exposes 
soil samples to the atmosphere in the laboratory. The response of the target and 
surrogate compounds will be graphed and compared to find pairs exhibiting 
similar behavior patterns. A response ratio will be generated from the identified 
pairs, which will then be used to quantify the remaining samples analyzed in the 
same soil type. Target compound recoveries using this method will be compared 
to recoveries using the current method of quantitation. Finally, target compounds 
which show response patterns unlike any surrogate compound will be identified to 
demonstrate that the current method of target/surrogate assignment is inadequate 
for all of the target compounds, indicating that further research will be needed to 
identify appropriate surrogate standards for these compounds.
CHAPTER 4
MATERIALS AND METHODS
The soils used in this research were obtained from US EPA region I and 
represent three horizons: B, Bw, and C. The B and Bw horizon soils are classified 
as silty loams and the C horizon soil is classified as a sand. The specific particle 
size distribution and total organic carbon content of each of the horizons is 
provided in Table 1. The soils were oven dried at 105° C for one day and 
determined to be free of volatile organic compounds prior to their use.
Table 1. Characteristics of soils used in this study
% sand % silt % clay % TOC
Soil C 95% 4% 1% 0.1%
Soil B 47% 49% 4% 1.0%
Soil Bw 26% 65% 9% 3.0%
The purge and trap device used was a Tekmar® 2000 LSC. The gas 
chromatograph/mass spectrometer is manufactured by Spectra-Physics with 
Saturn® software. The conditions and setting for these instruments are listed in
18
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Table 2.
Table 2. Instrumental settings used for this study
Purge and Trap Settings
Purge flow (Helium) .................................................................................. 40 mls/min
Samplepurgetemperature..................................................................................... 40° C
Purge time ................................................................................................. 11 minutes
Desorb tem perature ............................................................................................ 180° C
Desorb time ................................................................................................... 4 minutes
Bake temperature ..............................................................................................  220° C
Bake time ................................................................................................... 8 minutes
Gas Chromatograph Settings
Initial tem perature................................................................................................  35° C
Initial time ................................................................................................... 5 minutes
Ramp tem perature/tim e................................................................................  9° C/min
Final T em perature..............................................................................................  200° C
Final time ..................................................................................................... 1 minute
Coulmn flow rate (Helium) ......................................................................  10 mls/min
Mass Spectrometer Settings
Ionization en e rg y ....................................................................................................-70 eV
Scan rate .............................................................................................. 0.5 scans/sec
Scan range ................................................................................................  45-260 amu
The volatile organic target compounds and surrogate and internal standards were 
obtained as neat materials in methanol from Supelco, Inc. The target compounds 
and their abbreviations used in this research project were: 1,1-dichloroethane (1,1- 
DCA), 1,1,1-trichloroethane (1,1,1-TCA), Benzene (Bz), Ethyl Benzene (EBz), 
trichloroethylene (TCE), Bromodichloromethane (BrCl2Me), Perchloroethylene 
(PCE), Bromoform (Brfrm), and 1,1,2,2-tetrachloroethane (1,1,2,2-TTCA). The
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surrogate standards used were 1,2-dichloroethane d-4 (1,2-DCA d-4), Toluene d-8 
(Tol d-8), and Bromofluorobenzene (BFB). The internal standards used were 
Bromochloromethane, 1,4-difluorobenzene d-4, and Chlorobenzene d-5. No 
abbreviations occur in this research for the internal standards. From the neat 
solutions (all were 5000 /ig/ml) 0.5 ml of each target compound solution was 
added via a gas-tight syringe to a 10 ml ASTM Type ’A’ volumetric flask 
containing 3 ml of methanol. Introduction of the standards was made under the 
surface of the methanol to minimize volatilization. After the addition of all of the 
standards, the volumetric was brought to volume with methanol. The same 
procedure was performed for the internal and surrogate standards in separate 
volumetric flasks. The standards were stored in the dark at 4° C when not in use.
Prior to routine use, the gas chromatograph/mass spectrometer was tuned 
to specifications using bromofluorobenzene (3,4,5). The system was then tested 
for response linearity using five solutions of the nine target compounds and six 
standards at concentrations of 10, 20, 50, 75, and 100 /ig/1. This range was chosen 
based upon the spiking level that would be used and the anticipated loss of VOCs 
during the three day holding period.
For the efficiency portion of this research, all VOC target and standard 
compounds were spiked at a level of 50 fig/l (or 50 Mg/kg for soil samples). 
Alternate runs of 10 purged analyses in water, 10 purged analyses in C horizon 
soil, and 10 direct injection analyses were made and the average responses of each 
type of analysis determined for each target compound using the peak area of the
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quantitation ion prescribed in the methods (3,4,5). These averages were then 
ratioed (purge and trap response/direct injection response) and multiplied by 100 
to find the purging efficiency for each compound. The average time of 
standards/soil contact prior to initiation of the purging process was typical of that 
obtained using the current methods, approximately 5-10 seconds. The 5.0 gram 
soils samples used for this portion of the research were weighed on a top loading 
balance and transferred to the sparging tube vial a a glass funnel. The sparging 
tube was then connected to the purge and trap device, 5 ml of laboratory 
prepared water containing the standards was added, and the purge was initiated. 
The standards were added to the soil sample in the 5 mis of laboratory prepared 
water by filling a gas tight syringe containing a Luer-lock connector, followed by 
syringe injection of both target compounds and surrogates to the water through 
the Luer-lock valve.
Samples for the pattern response portion of this research were prepared by 
weighing 5.0 grams of a given soil horizon into a tared 40 ml VOA vial, followed 
by a 2 jul spike from both the target and surrogate compound solutions. This 
resulted in a target and surrogate spike of 100 /tg/kg. The vial was immediately 
sealed with a teflon faced silicone septa held in place by a screw cap. Eight 
samples at a time were prepared in this manner. Three sets of eight samples 
were prepared for each soil horizon, but no more than eight individual samples 
were prepared on any given day. The samples were then placed in a refrigerator 
maintained at 4° C for a period of three days. Prior to analysis, the samples were
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removed from the refrigerator and allowed to reach ambient temperature. The 
vial was then uncapped and its contents were transferred to the sparging tube 
which was then attached to the purge and trap device. The entire process of 
uncapping the vial, transferring the contents, and attaching the sparging tube to 
the purge and trap device was took approximately seven seconds. The sample was 
then heated to 40° C. Five milliliters of laboratory prepared water were then 
added through a valve mounted on the purge and trap device. Purging began 
immediately after addition of the laboratory prepared water and closure of the 
addition valve.
Responses from the target and surrogate compounds were graphed in 
order to compare response patterns within a given soil type. For those 
target/surrogate pairs demonstrating similar response patterns, the responses for 
the first eight analyses were ratioed to generate a response ratio for the 
target/surrogate pair using the following equation:
A
RRTr=-------------
rC *ss*TCaml
where: RRTC = target compound response ratio
Atc = quantitation ion area of target compound 
SSam, = amount of surrogate standard added (ng)
Ass = quantitation ion area of surrogate standard 
TCamt = amount of target compound added (ng)
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This response ratio was then used to estimate recoveries of the target compounds 
from subsequent analyses using the same soil type using the following equation:
f-i _A T(*SSam,
TC A ss* ™ tc
where: Q-c = concentration of target compound, and all other terms are as
defined above.
Target compound concentrations for those compounds whose response 
patterns are not reflected in any of the surrogate compounds were not 
determined. This method was be repeated for each soil type.
CHAPTER 5
RESULTS AND DISCUSSION
Results of the efficiency study are summarized in Table 3. As expected, 
there was no significant difference between using a laboratory prepared water 
matrix or a soil matrix in VOC recoveries. This is due to the lack of VOC/soil 
contact time prior to initiation of the purging phase of the analysis. The three 
surrogate standards show purging efficiencies of 91-100% from the water matrix. 
Since there is no significant difference between purging efficiencies from water or 
soil for the target compounds, it is presumed that no significant difference will 
exist for the surrogates.
The grand efficiencies were generated using response for the target 
compounds only since this is the method for determining purging efficiency used 
by Budde and Eichelberger (2). The grand efficiencies from both the water and 
soil matrices exceed the recommended minimal value of 70% (2). Comparison of 
the grand efficiencies shows that spiking VOCs into a soil sample in an effort to 
obtain information concerning the potential effect of the soil matrix on VOCs 
cannot provide any. As noted before, this results in the false assumption that the
24
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potential matrix effects associated with a given soil sample are negligible and that 
the target VOC quantitations are reflective of the concentrations existing within 
the sample.
Table 3. Purging efficiencies for VOCs
Compound From Water From Soil
1,1-dichloroethane 57% (RSD=4.9%) 55% (RSD = 6.7%)
1,1,1-trichloroethane 83% (7.6%) 92% (3.9%)
Benzene 96% (3.7%) 97% (5.6%)
Trichloroethylene 106% (4.4%) 103% (6.3%)
Bromodichloromethane 96% (4.2%) 98% (5.0%)
Perchloroethylene 93% (3.5%) 94% (7.4%)
Ethylbenzene 79% (3.5%) 94% (8.5%)
Bromoform 59% (8.3%) 70% (4.7%)
1,1,2,2-tetrachloroethane 66% (8.4%) 67% (3.6%)
1,2-dichloroethane d-4 100% (3.0%) N /A
Toluene d-8 95% (4.3%) N /A
Bromofluorobenzene 91% (2.6%) N /A
Bromochloromethane 86% (4.3%) N /A
1,4-difluorobenene 90% (3.2%) N/A
Chlorobenzene d-5 86% (3.7%) N/A
GRAND AVERAGE (TARGET 
VOCs ONLY)
82% 86%
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Since the internal and surrogate standards are introduced in the same manner, 
the target compound concentrations were artificially low because the target 
compound concentrations are proportional to the inverse of the internal standard 
response (3,4,5).
The syringe injection of the internal standards at the beginning of the 
desorb cycle for each sample from the purge and trap device showed variations 
somewhat worse than that expected from repeat syringe injections. This is 
probably due to problems with the manual injections and syringe on a few 
occasions (bent syringe, small volume used relative to syringe capacity, for 
instance). Despite this, the amounts detected were on the order of ±15% of the 
value obtained in the calibration. The precision can be greatly increased by using 
an autosampler for internal standard injection. Inclusion of an autosampler for 
the injection of internal standards is currently under development. This 
anticipated increase in precision will allow for close monitoring of the gas 
chromatograph/mass spectrometer performance without the interference of a 
sample matrix.
Responses for each of the target and surrogate VOC were graphed for 
each soil type. Similarities in responses for target/surrogate combinations were 
identified by inspection and were recorded on the same graph. For example, the 
similarities in response patterns were noted and graphed for the target/surrogate 
pair bromodichloromethane/toluene d-8 in the C horizon soil (Figure 1). What is 
important to note in these comparisons is not the magnitude of the responses for
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the compound pairs, but the relative response patterns on a sample-to-sample 
basis. The same method of comparison was performed for the other two soil 
horizons, and independent assessmentsof response pattern similarities were 
determined from the data for the specific horizon. The fact that the same two 
target/surrogate pairs show similar response patterns in all three of the soil 
horizons tested is testimony to the ability of a given surrogate standard to track 
the losses of specific target compounds, whatever the mechanism of that loss may 
be. Whether or not VOCs were lost in the sample transfer step, from sorption 
within the soil or on its surface, from deep sorption into soil micropores, or from 
poor extraction or active sites in the trapping material or the sample transfer line, 
the original target compound concentration can be accurately and precisely found 
even from the greatly diminished signal relative to the initial calibration. Table 4 
shows the accuracy and precision of the bromodichloromethane concentration 
determination using toluene d-8 as the surrogate standard. Table 4 also shows the 
recoveries of the target compounds using the currently used method of 
quantitation. The low recoveries are due to the internal standard introduction at 
the time of sample analysis, which is the essentially the same as adding the 
standards to a laboratory prepared water matrix followed by immediate initiation 
of the purging process. The high relative standard deviation (RSD) values 
obtained for the currently used method would probably be lower had all of the C 
horizon samples been run after the three day holding period. However, since the 
responses for most compounds were so small after the three day holding period,
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the last set of eight samples was analyzed after only a two day holding period.
This led to increased responses of the target and surrogate compounds, while the 
internal standards, owing to their being directly injected at the time of analysis, 
remained relatively constant. The increased target compound responses led to 
increased comcentrations for the target compounds, and consequently, when the 
recoveries of all of the sample analyses were compiled for the C horizon soil, the 
RSDs were high. Note, however, that the magnitude of the responses of the 
target and surrogate compounds in this research had little if any apparent effect 
on the recoveries of the target compounds owing to their low RSD values (Table
4).
As anticipated, there were compounds whose response patterns were not 
similar to any of the response patterns of the surrogate compounds. 1,1- 
dichloroethane and 1,1,1-trichloroethane showed no response pattern similarities 
and are designated as N /A  in Table 4. The response ratios used to quantitate the 
target compounds were generated by taking the response of the target compound 
and dividing it by the surrogate response for each of the first eight samples (one 
day of sample analyses). This response ratio was then used to calculate the 
concentrations of the target compounds for the next two sets of eight analyses 
using the same soil horizon. The response ratios for each of the target/surrogate 
pairs identified through pattern response similarities are listed in Table 5. The 
relatively low RSDs in Table 5 indicate that the surrogates are capable of tracking 
the target compounds with a reasonable degree of precision. Some
Table 4. Soil C target compound recoveries
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Compound Rec %RSD Rec %RSD
(Old) (Old) CNewl CNewl
1,1-DCA 1.9% 29% N /A N /A
i ,i ,i -t c a 1.5% 32% N /A N /A
Bz 1.7% 30% 99%* 12%
TCE 3.2% 24% 99%' 3.5%
BrCl2Me 3.0% 25% 102%1 2.0%
PCE 3.0% 24% 100%' 3.0%
EBz 5.8% 17% 94 %2 7.1%
Brmfrm 11% 20% 104%3 6.1%
1122-TTCA 16% 16% 95 %2 6.5%
1 - Toluene d-8 used as surrogate
2 - Bromofluorobenzene used as surrogate
3 - 1,1,2,2-tetrachloroethane used as surrogate
Table 5. Response ratios (RF) by Soil Type
T arget/Surrogate Soil C/%RSD Soil B/%RSD Soil Bw/%RSD
Bz/Tol d-8 0.64/5.0 1.02/17 0.83/8.8
TCE/Tol d-8 0.35/4.6 0.28/7.3 0.27/6.1
BrCl2M e/Tol d-8 0.61/6.1 0.68/6.4 0.57/7.4
PCE/Tol d-8 0.25/4.4 0.14/5.3 0.18/8.0
EBz/BFB 0.69/8.4 2.60/14 1.93/14
1122-TTCA/BFB 2.41/5.0 2.03/5.5 1.89/14
Brmfrm /1 122-TTC A 0.57/2.4 0.73/3.2 0.84/2.3
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target/surrogate pairs showed significantly different response ratios from one soil 
horizon to another, but the response ratiogenerated within a given soil horizon 
provided accurate and precise target compound recoveries when used within the 
specified soil horizon. The recoveries of the target compounds from the B and 
Bw horizons, utilizing the same surrogate compounds identified in the C horizon, 
showed the same accuracy and precision (Tables 6, 7). The low recoveries using 
the current method again display large RSDs. The high RSDs associated with the 
recoveries in the C horizon may then just be due to the method itself,
Table 6. Soil B Target Compound Recoveries
Compound % Rec 
Current
% RSD 
Current
% Rec 
New
% RSD 
New
1,1-dichloroethane 25% 23% N /D N /D
111-trichloroethane 14% 28% N /D N /D
Benzene 18% 29% 100% 15%
Trichloroethylene 17% 21% 98% 9.6%
Bromodichloromethane 21% 18% 98% 3.0%
Perchloroethylene 10% 20% 99% 7.3%
Ethylbenzene 25% 25% 94% 7.1%
Bromoform 14% 18% 104% 4.5%
1122-tetrachloroethane 16% 21% 101% 6.8%
V /D  - Not Determined
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and independent of the sample holding times, since all of the samples using the 
B and Bw horizon soils were analyzed after three day holding periods.
The analysis of the Bw horizon soils were stopped after the second set of 
eight samples were analyzed due to problems with instrumental availability. The 
first eight samples were used to generate response ratios, and these were applied 
to the analyses run later. One sample each in the C and Bw horizons were 
discarded due to software lockup, resulting in no data aquisition.
Figures 2 and 3 show the response pattern similarities for the 
target/surrogate pair bromodichloromethane/toluene d-8 generated from the B 
and Bw horizons. The similarity in response patterns for this target/surrogate
Table 7. Soil Bw Target Compound Recoveries
Compound % Rec 
Current
% RSD 
Current
% Rec 
New
% RSD 
New
1,1-dichloroethane 27% 46% N /D N /D
111-trichloroethane 16% 34% N /D N /D
Benzene 20% 32% 105% 7.1%
Trichloroethylene 20% 30% 101% 4.2%
Bromodichloromethane 22% 33% 98% 4.5%
Perchloroethylene 17% 26% 100% 5.3%
Ethylbenzene 21% 46% 103% 7.7%
Bromoform 21% 32% 95% 4.8%
1122-tetrachloroethane 24% 30% 93% 6.9%
^/D  - Not Determined
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pair from one soil type to another suggests that they are being affected by the 
sample matrix in similar and proportional manners. Whatever the dominant 
factors are that control the fate of the target and surrogate VOCs (it is not 
necessary to specify those factors at this point) for a given target/surrogate pair 
and soil horizon, they appear to be proportional. This proportionality is 
evidenced through response ratios with relatively low RSDs.
The remaining Tables (13-24, Appendix I) list the actual response obtained 
for each target and surrogate compound by soil horizon. Figures 4-21 (Appendix
II) show response pattern similarities between the target/surrogate pairs identified 
in Tables 4-7. Figures 22-29 (Appendix II) show the response patterns for 1,1- 
dichloroethane and 1,1,1-trichloroethane to demonstrate that they do not 
correspond with any of the surrogate compound response patterns. 1,1- 
dichloroethane was not recovered in the C horizon soil, so no response pattern 
graph could be produced.
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CHAPTER 6
ADDITIONAL RESEARCH
After completion of the research described above, the EPA supplied a soil 
possessing different particle size characteristics than the three used before. The soil 
is an Ap horizon soil from Nebraska with characteristics listed in Table 8. It was
Table 8. Characteristics of Ap Horizon Soil
% sand % silt % clay % TOC
6% 59% 35% 2.1%
used unsieved and undried in an effort to demonstrate that the method of spiking 
used in the previous experiments was applicable to a ’real-world’ soil. As with the 
earlier research, five gram aliquots of the soil were placed into 40 ml VOA vials and 
spiked in accordance with the phase of this method being investigated. All analytical 
parameters were identical to those used in the earlier portion of this research.
Phase I of this method was identical to that of the research described above. 
The soil samples were spiked with both target and surrogate compounds and held at
36
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4° C for three days before analysis. Three sets of samples consisting of eight samples 
each were spiked in this manner then analyzed. The first set of samples were used 
to generate the response ratios based upon response pattern similarities used to 
match target compounds with surrogate compounds in the earlier portion of this 
research. These response ratios were then used on all subsequent analyses in both 
Phase I and Phase II to determine target compound recoveries.
Phase II of this method involved the spiking of the soil samples with target 
compounds followed by storage for three days at 4° C. The samples were then 
spiked with the surrogate standards by inverting the sample vial so that the soil 
sample was resting against the septum, then piercing the septum with the syringe and 
injecting the surrogates into the soil mass. The sample was then tumbled end-over- 
end for 120 seconds. One set of eight samples was the held for three hours at room 
temperature and then analyzed. The second set of eight samples was held at 4 ° C 
for two days before analysis, and the final set of eight samples was held at 4° C for 
three days before analysis. All of the samples in this phase were prepared for 
analysis exactly the same as the samples in the earlier research using the three 
different soil horizons.
Graphing the responses of the both target and surrogate compounds provided 
the pairing of targets and surrogates identical to those discovered in the earlier 
research (Figures 30-38). Their response ratios are provided in Table 9. In this soil, 
however, an additional target/surrogate pair with similar response patterns was 
discovered. This pair was toluene d-8/ethylbenzene (Figure 34). This necessitates
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that a soil must be screened prior to sampling efforts in order to determine which 
target/surrogate pairs exhibit similar response patterns. As with the earlier research, 
1,1-dichloroethane, 1,1,1-trichloroethane, and 1,2-dichloroethane d-4 exhibited 
response patterns that were unlike any other target or surrogate compounds. The 
response pattern for 1,1-dichloroethane was indeterminable due to its sporadic 
recovery from sample to sample. Many analyses failed to detect this compound at 
all. The response patterns for 1,1,1-trichloroethane and 1,2-dichloroethane d-4 are 
shown in Figures 37-38.
Table 9. Response Ratios from Ap Horizon Soil
Target/Surrogate Compound Ratio/%  RSD
Benzene/Toluene d-8 .52/5.2%
Trichloroethylene/Toluene d-8 .27/4.2%
Bromodichloromethane/Toluene d-8 .67/6.4%
Perchloroethylene/Toluene d-8 .12/10.9%
Ethylbenzene/Toluene d-8 .19/12.1%
1122-Tetrachloroethane/BrFBenzene 1.56/8.2%
Bromoform/1122-Tetrachloroethane .64/2.8%
As in the earlier research using three different soil types, the recoveries of the 
target compounds in Phase I for which surrogate response patterns could be 
associated provided recoveries of 95-104% with low RSDs using the proposed 
method of quantitation (Table 10). Target compound recoveries using the current
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quantitation methods prescribed by EPA (1-4) are extremely low with high RSDs. 
This indicates that this method of spiking allows surrogate standards to accurately 
track the losses of target VOCs through the laboratory sample handling and 
preparation processes in various soil profiles.
Table 10. Target Compound Recoveries (Phase I)*
Target Compound Recovery/%RSD 
(New)
Recovery/%RSD
(Current)
Benzene 97%/4.8% 4%/23%
Trichloroethylene 97%/5.8% 6%/28 %
Bromodichloromethane 95%/7.3% 7%/27%
Perchloroethylene 99%/7.5% 3%/20%
Ethylbenzene 104%/8.2% 4%/23%
1122-Tetrachloroethane 95%/9.1% 6%/25%
Bromoform 99%/6.5% 5%/25%
* From surrogate standards identified in Table 9.
The target compound recoveries for Phase II, which involved various surrogate 
holding times, provided varying but high recoveries with low RSDs using the response 
ratios generated during Phase I (Table 11). The average of the three variations in 
holding times provided target compound recoveries of 93-99% with low RSDs (Table
12). These averages are compared to the target compound recoveries using the 
current EPA prescribed method of quantitation, which are again low with high RSDs.
Table 11. Target Compound Recoveries (Phase II)*
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Target Compound 0 Day1 2 Day2 3 Day3
Rec/% RSD Rec/% RSD Rec/% RSD
Benzene 94%/5.5% 91%/4.8% 105%/4.9%
Trichloroethylene 95%/5.2% 88%/5.3% 103%/3.0%
Bromodichloromethane 98%/3.0% 94%/2.6% 103%/3.2%
Perchloroethylene 95%/7.6% 93%/6.1% 91%/4.7%
Ethylbenzene 96%/6.8% 101%/5.9% 99%/4.6%
1122-Tetrachloroethane 103 %/9.1 % 93%/4.9% 101 %/6.1 %
Bromoform 96%/2.0% 96%/3.1% 98%/2.3%
* From surrogate standards identified in Table 9.
1 3 hour surrogate spike hold/5 day target compound spike hold
2 2 day surrogate spike hold/6 day target compound spike hold
3 3 day surrogate spike hold/6 day target compound spike hold
Table 12. Average Target Compound Recoveries (Phase II)*
Target Compound Rec/%RSD
(New)
Rec/%RSD
(Current)
Benzene 97%/8.2% 2.3%/21%
Trichloroethylene 95%/8.2% 3.8%/21%
Bromodichlormethane 98%/4.9% 5.1%/19%
Perchloroethylene 93%/6.0% 1.8%/23%
Ethylbenzene 99%/5.7% 2.2%/18%
1122-Tetrachloroethane 99%/7.2% 4.0%/15%
Bromoform 97%/2.6% 3.5%/17%
* From surrogate standards identified in Table 9.
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The highest recoveries were for those samples spiked with surrogate compounds and then 
held for three hours prior to analysis. This has implications favorable to an analytical 
laboratory, namely the spiking of samples with surrogate standards followed by a short 
waiting period before analysis can begin. This also indicates that spiking in the field, 
more cumbersome than spiking in the laboratory, may not be necessary.
Spiking surrogate standards in the field immediately after sample acquisition does 
have certain advantages, however. By adding surrogates to the sample matrix in the field 
once the sample has been placed in the shipping container, any target compound losses 
could be monitored by the surrogates during transport and laboratory preparation of the 
sample for analysis. This would allow the surrogate standards to more completely 
interact with the sample matrix for the typical 5-10 day period between sample 
acquisition and sample analysis. As noted earlier, this period of time involves certain 
sample handling steps known to be significant VOC loss pathways. While this specific 
possible surrogate spiking technique was not investigated in this research, field 
application of this application is the logical next step.
When considering the improvements in precision and accuracy in the proposed 
method relative to the current method, certain considerations must be taken into account. 
There is no argument that the improvements in accuracy are real. In fact, since most of 
the sample analyses were performed after three day holding times, absolute recoveries 
using the current method may be higher than that actually realized from samples taken 
from the field and analyzed 5-10 days after acquisition. That is, most of the samples 
with very low recoveries using the current method would probably be reported as non-
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detect. Precision, though appearing to be improved, is dictated to some degree by the 
absolute values from which it is generated. For the results using the current method of 
quantitation, small deviations in recovery, from 2-4% for instance, provide large relative 
standard deviations. Similar variations in recovery using the proposed method of 
quantitation result in relatively low relative standard deviations. While the precisions of 
the two methods could arguably be regarded as being similar, similar precision with 
significantly improved accuracy is desirable, especially if the precision of the current 
method was never a matter of concern.
CHAPTER 7
CONCLUSIONS
The results of the efficiency portion of this research provide three important 
pieces of information related to the current methods of purge and trap/gas 
chromatography/mass spectrometry. First, addition of surrogate standards to a soil 
matrix in the maimer currently prescribed offers no information whatsoever regarding 
the effects of the soil matrix on target VOCs. Second, placing separate requirements 
on the surrogate and internal standards in terms of their monitoring capabilities and 
recovery windows does not make sense since they are exposed to identical conditions 
and environments. In reality, the surrogate and internal standards could reverse their 
roles with no noticeable difference, considering the manner in which they are 
currently used. And third, the current system of internal standard introduction will 
continuously provide artificially low recoveries for target VOCs from real sample, 
since their recoveries will continuously remain artificially high. It should be noted 
that the idea of using internal standards for quantitation of the target VOCs is really 
not appropriate anyway, as they should not be subjected to the sample matrix at all.
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Diret injection of internal standards to the injection port of the gas 
chromatograph will provide a sample-to-sample monitor of the efficiency of the gas 
chromatograph/mass spectrometer. The recovery windows can be significantly 
narrowed from the current settings using a highly reproducible form of internal 
standard introduction such as that offered by autosampler injections. This will isolate 
the internal standards from any potential sample matrix effects or purge and trap 
system deficiencies. Reduction of surrogate standard responses can be attributable 
to matrix effects when the associated internal standards provide recoveries within set 
windows. Since the proposed method of target VOC analysis will require spiking 
with surrogate standards in the field, the efficiency of the gas chromatograph/mass 
spectrometer must be demonstrated on a sample-to-sample basis. If additional 
information is required pertaining to the efficiency of the purge and trap portion of 
the analysis, standards may be added at the time of purging, as they are currently, to 
monitor such potential problems as system leaks or active sites in the trapping 
material or within the transfer lines. It has already been established in this research 
that adding standards to the sample in the manner currently used will not alter their 
recoveries based upon potential matrix effects.
Target and surrogate standard response pattern analysis will identify 
target/surrogate pairs showing similar behavior in a given matrix type. It is not 
necessary to identify each and every parameter that may influence the effect of a 
given sample matrix on target and surrogate VOCs. The summation of all of the 
effects can be monitored by utilizing response pattern analysis. However, each site
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subject to sampling for VOC contamination will need to provide clean samples in 
order to establish target/surrogate pairs that will demonstrate similar behavior in the 
given matrix type. Establishment of a data base of these target/surrogate 
combinations for a given soil type can be compared to the specific chemical and 
physical characteristics of the soil identified through laboratory research efforts. This 
comparison could lead to the assignment of target/surrogate pairs prior to sampling 
efforts based upon past observations using matrices possessing similar qualities.
Spiking samples with surrogate standards in the field will allow for 
equilibration of the surrogates with the soil samples during the time spent sending 
the samples from the field to the laboratory for analysis. Surrogates added to the 
sample matrix and allowed to equilibrate with the matrix will provide effective 
monitors of target VOC losses throughout the sampling, shipment, storage, handling 
and extraction portions of the sample processing effort. Accurate and precise target 
compound recoveries can be obtained from soils equilibrated with target compounds 
and spiked with surrogate standards in the laboratory with holding times ranging 
from hours to days.
At this point, however, target VOCs exist which do not show response patterns 
similar to any of the currently used surrogate standards. Research will need to be 
conducted to find appropriate surrogates for these target compounds. The most 
effective approach is to identify potential candidates by identifying compounds which 
possess similar chemical features and properties and conduct tests similar to the ones 
performed in this research. Properties such as dipole moment, size of the compound,
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vapor pressure, and aqueous solubility should be considered when selecting a 
compound. The compound to be tested as a surrogate standard must also be one 
that is not anticipated to be found at hazardous waste sites. Response pattern 
similarities will be evident from the very first analysis, minimizing the amount of time 
required to identify potential surrogate compound candidates. While this will require 
approximately one day of additional laboratory work to establish the target/surrogate 
combinations and response ratios, the significant increases in accuracy and precision 
will make the additional effort worthwhile. One encouraging piece of information 
resulting from this research is that the same target/surrogate pairs can be used across 
the four soil types used.
The current methods of purge and trap/gas chromatographic/mass 
spectrometric analysis for VOCs in soil matrices requires significant changes in order 
to provide data reflective of the VOC concentrations at the sampling site and not at 
the time of the analysis. While the changes proposed in this research are significant, 
they provide analytical data of high quality while not requiring any additions to the 
existing analytical hardware. There is no complex system of sample extraction, purge 
effluent concentration using cryogenic techniques, or generation of hazardous waste. 
In fact, once the sample has been spiked with surrogate standards in the field, the 
sample handling, transport, storage, preparation and analysis can proceed without any 
physical alterations to the current methods. Besides the automated introduction of 
the internal standards at a different location within the analytical process, the 
remaining portions of the overall analytical process will remain unchanged as well.
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Important administrative decisions ranging from remediation efforts based 
upon the health concerns of the general public rest upon the quality and accuracy of 
the data provided. VOC sampling and analysis is the most important aspect of that 
decision making process. Poor data, even though it is continuously generated within 
the acceptance limits of the current methods of analysis, do a disservice to the 
scientific community and the public whose health and quality of life rest upon the 
scientific community’s capability to provide the decision makers with data generated 
form reliable methods of analysis.
GLOSSARY OF TERMS
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Internal Standard - a compound not anticipated to be found at a hazardous waste site 
used to both monitor the entire purge-and-trap gas chromatography/mass 
spectrometiy system during sample analysis and quantitate target compounds by using 
a response factor generated during initial calibration of the analytical 
instrumentation.
Matrix effect - the effect that the properties of the sample have on the target 
compounds, surrogate and internal standards. The effects are most commonly 
associated with reduced recovery of these compounds.
Purge-and-trap gas chromatography/mass spectrometry - the most commonly used 
method by which volatile organic compounds are determined in a variety of sample 
matrices.
Recovery window - usually expressed as a percentage, the allowable range of 
compound recovery determined by comparison of the amount recovered or measured 
relative to what was introduced to the sample.
Response factor - the ratio of the target compound’s quantitation ion area count to 
the internal standard’s quantitation ion area count, determined during the initial 
calibration of the analytical instrumentation, and used in sample analysis to 
determine the amount of a target compound present in a sample.
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Response ratio - the ratio of the target compound’s quantitation ion area count to 
the surrogate standard’s quantitation ion area count determined during analysis of 
an uncontaminated soil, which will be used to quantitate target compounds present 
in contaminated samples of the same soil type.
Surrogate standard - a compound not anticipated to be found at a hazardous waste 
site used to monitor the entire purge-and-trap gas chromatography/mass 
spectrometry system (in the current method) and by inference, used to determine the 
effects of a sample matrix on target compounds occurring within the sample.
Volatile organic compound - according to EPA, a compound possessing a boiling 
point of 200° C or less, with a vapor pressure of 25 mm Hg or more, and possessing 
some (not specified) degree of water solubility which can be determined by the 
purge-and-trap gas chromatographic/mass spectrometric method.
APPENDIX I 
TABLES 13-35
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Table 13. 1,1-dichloroethane Response
52
Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 N /A 620 525
2 N /A 290 1600
3 N /A 770 1175
4 N /A 240 1570
5 N /A 1150 1180
6 N /A 1760 1550
7 N/A 1360 125
8 N/A 1000 565
9 N/A 1040 580
10 N/A 1300 1680
11 N/A 600 1925
12 N/A 1880 1690
13 N/A 1420 875
14 N/A 960 700
15 N /A 1670 1480
16 N /A 240 N /A
17 N /A 920 N /A
18 N/A 1000 N /A
19 N/A 1010 N /A
20 N /A 520 N /A
21 N /A 1610 N /A
22 N /A 1760 N/A
23 N /A 840 N/A
24 N /A 1600 N/A
Table 14. 1,1,1-trichloroethane Response
53
Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 210 1400 1520
2 120 600 2440
3 40 1920 1790
4 125 3440 2230
5 165 1400 1680
6 205 2000 2170
7 185 1400 2360
8 235 3000 1530
9 95 2360 1590
10 125 1860 2010
11 170 1000 2470
12 180 2500 2120
13 165 2320 2050
14 170 1300 2370
15 100 2580 1910
16 210 420 N/A
17 325 1820 N/A
18 270 1200 N/A
19 300 1180 N /A
20 280 620 N/A
21 250 1820 N/A
22 325 2000 N /A
23 215 1060 N/A
24 N /A 1940 N/A
Table 15. Trichloroethylene Response
54
Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 130 1520 1700
2 190 790 2050
3 115 1540 1125
4 210 2260 1850
5 245 1920 1350
6 285 1800 1575
7 260 1460 475
8 290 1860 1475
9 220 1820 1950
10 240 1460 1450
11 255 1280 2000
12 275 1840 1625
13 270 1220 1700
14 290 1140 1525
15 215 1700 1275
16 345 900 N /A
17 390 1700 N /A
18 320 1200 N/A
19 405 1480 N/A
20 380 1280 N /A
21 340 1400 N/A
22 425 1540 N /A
23 285 1320 N /A
24 N /A 1760 N /A
Table 16. Benzene Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 250 5150 4350
2 330 2550 6450
3 110 5750 3850
4 250 8850 5750
5 450 6100 4400
6 550 6750 5250
7 480 5400 1050
8 570 7850 4200
9 300 7050 5500
10 330 4950 4750
11 470 4050 6650
12 410 7150 5350
13 430 4850 5500
14 410 4150 5100
15 240 7100 3900
16 540 2200 N /A
17 770 6350 N/A
18 590 4150 N /A
19 780 4750 N/A
20 690 3550 N/A
21 580 5450 N/A
22 840 5800 N/A
23 520 4350 N/A
24 N/A 6550 N/A
Table 17. Perchloroethylene Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 100 780 1180
2 145 430 1250
3 75 740 840
4 155 1040 1200
5 175 970 910
6 210 840 980
7 175 730 410
8 215 800 990
9 175 840 1350
10 190 860 920
11 195 700 1340
12 195 850 1050
13 195 590 1080
14 220 580 1020
15 150 770 850
16 260 510 N /A
17 300 760 N/A
18 225 620 N/A
19 290 760 N/A
20 275 720 N/A
21 240 590 N/A
22 315 750 N/A
23 200 740 N/A
24 N/A 860 N/A
Table 18. Bromodichloromethane Response
Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 270 3600 3500
2 330 2300 4600
3 140 3600 2250
4 350 5100 3900
5 440 4750 3050
6 500 4400 3400
7 450 3650 1600
8 500 4500 2850
9 410 4150 4100
10 380 2800 2900
11 480 3500 4400
12 450 4200 3500
13 450 2950 3600
14 470 2900 3000
15 320 3900 2250
16 640 3050 N/A
17 760 4000 N/A
18 580 2950 N/A
19 720 3850 N/A
20 690 3650 N/A
21 580 3450 N /A
22 760 3450 N /A
23 490 3600 N /A
24 N /A 4300 N /A
Table 19. Ethylbenzene Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 210 2180 2300
2 320 1320 3000
3 245 1940 2150
4 420 3440 2650
5 440 3320 2150
6 525 2660 2300
7 425 2280 1150
8 455 2360 1950
9 455 2240 2700
10 465 2180 2350
11 445 2260 3100
12 515 2380 2550
13 480 1540 2650
14 580 1400 2250
15 440 2000 1750
16 565 2220 N /A
17 640 2140 N /A
18 475 1180 N /A
19 590 2540 N /A
20 620 2730 N /A
21 550 1940 N /A
22 700 1980 N /A
23 435 2380 N/A
24 N /A 2620 N /A
Table 20. Bromoform Response
Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 590 1270 1875
2 640 900 2475
3 490 1220 1200
4 710 1680 2150
5 790 1800 1750
6 680 1470 1900
7 780 1250 1375
8 790 1400 1350
9 950 1390 2050
10 940 1110 1300
11 880 1380 2400
12 920 1350 1850
13 900 1000 1875
14 1030 1120 1450
15 850 1330 1050
16 1370 1470 N /A
17 1320 1430 N /A
18 1100 1160 N/A
19 1230 1560 N /A
20 1340 1640 N /A
21 1370 1280 N /A
22 1330 1260 N/A
23 990 1380 N /A
24 N /A 1610 N/A
Table 21. 1,1,2,2-tetrachloroethane Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 1000 1810 2275
2 1180 1310 2925
3 1080 1650 1400
4 1280 2280 2600
5 1380 2410 2025
6 1480 1990 2300
7 1390 1700 1850
8 1400 1890 1900
9 1620 1900 2425
10 1690 1590 1750
11 1510 1875 2950
12 1630 1865 2200
13 1620 1370 2450
14 1840 1490 1825
15 1600 1760 1250
16 2150 2040 N /A
17 2000 1870 N /A
18 1890 1520 N/A
19 1910 2000 N /A
20 2150 2010 N/A
21 2000 1660 N/A
22 2180 1520 N/A
23 1700 1760 N /A
24 N /A 1960 N /A
Table 22. 1,2-dichloroethane d-4 Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 140 2920 1150
2 170 2160 2500
3 60 3280 1450
4 190 3560 2300
5 240 3160 1900
6 290 3480 2100
7 260 3120 875
8 300 3340 1625
9 165 3080 1925
10 150 2080 2200
11 205 2540 2625
12 165 3140 2325
13 180 2700 2275
14 170 2400 2125
15 125 3330 1575
16 270 2000 N/A
17 430 2920 N /A
18 335 2420 N/A
19 385 2920 N/A
20 380 2360 N/A
21 310 2860 N/A
22 420 2740 N /A
23 285 2480 N/A
24 N/A 3260 N/A
Table 23. Toluene d-8 Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 420 5500 6050
2 540 3150 7000
3 260 5050 4200
4 590 7700 6950
5 670 7250 5550
6 840 6850 6050
7 730 5700 3450
8 840 6200 5350
9 580 6250 7450
10 540 5350 5300
11 660 5450 7800
12 550 6250 6150
13 580 4300 5900
14 640 3700 5600
15 500 5800 4350
16 1030 4650 N/A
17 1230 5750 N/A
18 930 4400 N/A
19 1130 6000 N/A
20 1120 5650 N/A
21 950 4950 N/A
22 1220 5000 N/A
23 820 5500 N/A
24 N/A 6550 N/A
Table 24. Bromofluorobenzene Response
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Sample
No.
Soil C 
Response
Soil B 
Response
Soil Bw 
Response
1 350 905 1200
2 510 635 1235
3 410 835 1015
4 585 1060 1360
5 580 1125 1210
6 740 1015 1230
7 590 935 1035
8 660 875 1170
9 675 910 1325
10 655 920 1060
11 680 935 1595
12 680 865 1230
13 645 690 1170
14 785 635 1140
15 675 865 1040
16 950 910 N/A
17 945 870 N/A
18 765 780 N/A
19 880 955 N/A
20 965 980 N/A
21 845 795 N/A
22 950 790 N/A
23 725 890 N/A
24 1N/A 965 N/A
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Table 25. 1,1,1-trichloroethane Response (Soil Ap)
Sample No. Response
1 1074
2 1710
3 1761
4 1216
5 1420
6 1877
7 301
8 1994
9 1826
10 1486
11 671
12 1009
13 1334
14 1328
15 951
16 974
17 1482
18 1512
19 1183
20 1371
21 992
22 1878
23 1500
24 1610
25 1540
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Sample No. Response
26 1203
27 1294
28 1308
29 1196
30 346
31 833
32 702
33 856
34 998
35 1190
36 1056
37 1133
38 1130
39 579
40 930
41 1245
42 1522
Table 26. Benzene Response (Soil Ap)
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Sample No. Response
1 1209
2 2074
3 2131
4 1746
5 1951
6 2304
7 2801
8 2480
9 2369
10 2331
11 1678
12 2091
13 1889
14 1649
15 1059
16 1236
17 1845
18 1832
19 1529
20 2012
21 1816
22 2190
23 1782
24 2083
25 1838
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Sample No. Response
26 1464
27 1612
28 1738
29 1583
30 993
31 1077
32 1035
33 1176
34 1308
35 1466
36 1676
37 1467
38 1578
39 937
40 1548
41 1751
42 2004
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Table 27. Trichloroethylene Response (Soil Ap)
Sample No. Response
1 613
2 1009
3 1106
4 918
5 1005
6 1143
7 1523
8 1350
9 1167
10 1235
11 858
12 1092
13 968
14 878
15 535
16 647
17 985
18 912
19 775
20 1034
21 895
22 1150
23 872
24 1099
25 933
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Sample No. Response
26 799
27 799
28 860
29 770
30 526
31 581
32 557
33 582
34 664
35 783
36 789
37 735
38 790
39 452
40 766
41 913
42 1015
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Table 28. Bromodichloromethane Response (Soil Ap)
Sample No. Response
1 1579
2 2613
3 2682
4 2229
5 2556
6 2753
7 3435
8 3140
9 3035
10 2864
11 2002
12 2528
13 2253
14 2118
15 1298
16 1786
17 2393
18 2337
19 1925
20 2510
21 2306
22 2680
23 2227
24 2610
25 2307
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Sample No. Response
26 2017
27 2056
28 2150
29 1991
30 1214
31 1534
32 1429
33 1522
34 1832
35 2052
36 2255
37 1920
38 2024
39 1178
40 2063
41 2414
42 2615
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Table 29. Perchloroethylene Response (Soil Ap)
Sample No. Response
1 245
2 386
3 537
4 441
5 387
6 502
7 683
8 592
9 572
10 592
11 440
12 557
13 469
14 384
15 222
16 277
17 406
18 378
19 338
20 453
21 393
22 441
23 322
24 448
25 377
Sample No. Response
26 341
27 298
28 349
29 304
30 211
31 239
32 246
33 296
34 316
35 358
36 387
37 339
38 369
39 230
40 362
41 420
42 463
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Table 30. Ethylbenzene Response (Soil Ap)
Sample No. Response
1 381
2 657
3 905
4 715
5 628
6 846
7 1173
8 1044
9 990
10 1026
11 752
12 872
13 820
14 565
15 304
16 448
17 673
18 618
19 544
20 786
21 656
22 801
23 570
24 778
25 641
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Sample No. Response
26 568
27 511
28 581
29 516
30 386
31 400
32 395
33 429
34 476
35 578
36 686
37 604
38 638
39 388
40 651
41 732
42 788
Table 31. 1,1,2,2-tetrachloroethane Response (Soil Ap)
Sample No. Response
1 872
2 1303
3 1232
4 1301
5 1214
6 1347
7 1426
8 1166
9 1216
10 1240
11 919
12 964
13 892
14 1115
15 651
16 908
17 1270
18 1249
19 1082
20 1339
21 1232
22 1378
23 1174
24 1405
25 1192
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Sample No. Response
26 1119
27 1039
28 1160
29 1050
30 757
31 824
32 841
33 929
34 1032
35 1126
36 1285
37 1260
38 1306
39 818
40 1210
41 1312
42 1396
Table 32. Bromoform Response (Soil Ap)
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Sample No. Response
1 553
2 827
3 782
4 825
5 813
6 882
7 1149
8 1105
9 1079
10 999
11 820
12 892
13 818
14 683
15 426
16 585
17 807
18 769
19 668
20 839
21 770
22 890
23 733
24 890
25 758
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Sample No. Response
26 695
27 657
28 704
29 623
30 481
31 513
32 506
33 568
34 614
35 693
36 807
37 740
38 780
39 487
40 757
41 843
42 879
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Table 33. 1,2-dichloroethane d-4 Response (Soil Ap)
Sample No. Response
1 1726
2 2646
3 2459
4 1944
5 2478
6 2853
7 1742
8 2525
9 3167
10 2201
11 1336
12 1612
13 2141
14 1982
15 1281
16 1506
17 2397
18 2489
19 1911
20 2389
21 1972
22 2618
23 2256
24 2375
25 2211
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Sample No. Response
26 1670
27 2095
28 2032
29 1952
30 823
31 1291
32 1236
33 1498
34 1460
35 1715
36 2402
37 1976
38 2013
39 1079
40 2026
41 2168
42 2622
Table 34. Toluene d-8 Response (Soil Ap)
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Sample No. Response
1 2201
2 3841
3 4099
4 3623
5 3668
6 4519
7 5595
8 4915
9 5000
10 4647
11 2464
12 4129
13 4075
14 3015
15 1702
16 2526
17 3711
18 3605
19 2918
20 3907
21 3306
22 3993
23 3158
24 3931
25 3267
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Sample No. Response
26 3035
27 2837
28 3152
29 2846
30 1899
31 2297
32 2267
33 2321
34 2708
35 3342
36 3780
37 3066
38 3277
39 1839
40 3266
41 3771
42 4102
Table 35. Bromofluorobenzene Response (Soil Ap)
Sample No. Response
1 542
2 776
3 1057
4 940
5 771
6 966
7 1426
8 1166
9 1216
10 1240
11 919
12 965
13 892
14 656
15 375
16 574
17 734
18 802
19 682
20 924
21 797
22 964
23 714
24 973
25 765
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Sample No. Response
26 728
27 626
28 700
29 623
30 525
31 536
32 547
33 527
34 601
35 762
36 876
37 804
38 862
39 586
40 823
41 933
42 1023
APPENDIX II 
FIGURES 4-38
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